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An in-vestigation at Mach  number 1.92. in the Langley Finch  supex- 
sonic  tunnel of a Tadable b o d y w a i l  configmatian ha6 been made 
in order t o  determine and to   isolate   the aerodynamic effects on each 
other of the  .cqonents of the canfiguratian. The body had a f?inenese 
ratio of 12.5 with a cylindrical midsection so that the aspect-rat id  
rectangular wtng could be located .at th ree  kmgitudtnd  positians alang 
the body. The after portian of the body cmverged to the Sting dim+ 
eter. !Phe v a r i a b l + i n c i d a n c e e  ractangular tail was of the same 
aspect r a t i o  as the w3ng but mefourth the WLng mea, and could be 
located at three  vertical  positions  relative to the plane of the wing. 
The test data presente.d include lift, drag, and pftc-ommt maeure- 
menta through a range of angles of attack for a l l  canfiguratiane of 
t h i s  RIOdel. 

Ih the presentatian of resul ts  frcan the tests, the basic lift, 
drag, and pitc&g+ummt da+ for all the components and conibinatime 
of cmpments m e  first discussed and, xhere.possible,  elemental cam- 
parisom with theory a m  made. next, mrioue  factors affecting the 
longitud3nal  stability of each cmrplete body+in&ail ccafi@ration 
w e  isolated from the teat results and dfECUBBed separately. These 
factors  include the effect of the ning on the tail lift effectiveness, 
the effects of t he  body upwash end wfng downwash on the pitching moment, 
and the effects 011 the pitching mwnt of tai l  centemf-pressure sh i f t  
due t o  adding the wing. FJgally, the p i t c h m t - c u l o p e   v a r i e  
tions with wing positian and t a i l  height for the carp lete canfiguration 
m e  discussed in t e r n  of the canibined effects of the  varioue  factors 
previously  isolated. 
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Predicticm of the langltudinal  stability  characterietfcs of eupez- 
sonic aircraft  o r  missile  canfiguratians from ei ther   tes t  data or t h e m y  
for the components r e q m s  knowledge of the aerodynamic eFPects CELL 
each other of the m l o u a  onmponenta den added together. It is thus 
desirable t o  know, for the u s u a l  configuration of body asd tandem 
l i f i i ng  surfaces, such efYects &E that of the body on the forward 
lifting surface and the body md fomxrd surface on the tail &ace. 
Important elamnts in these general comidera-biana me the downwash 
due t o  t h e  wing and t h e  upwash due t o  the .body .and their c-equant 
effects an the tall. and wing and the langiturlfnR.7 stabili ty.  Same of 
the  theoriee based on the lFnearized equatimfi of motiau for the down- 
wa& b e m  isolated xtngs a r e  given IZI referances -I to 8 and . 
computatiane . fo r  the upwash ma- slander bodies are glven Zn refer- 
ence 9. The experiments of ra f   e race  10 f o r  a rectangular -, 
reference U. f o r  a triangular wing, and reference 12 for a trapezoidal 
wing provlde dawnwash meaeuraments at Bupersdc speffde khich are o m  
pared wTth the  predictians of the linear theorg.  It is recognized and 
sham in the experimmte of them references that t h e  .linsm-themy 
d m m e h  results must be altered t o  acccnmt f o r  the effects of khe dfa- 
placement and dietortian of the trailing vortex aheet. 

I 

The boay-wlng interference problem ha8 been treated by mem~ of 
inviscid linear theory in refereaces 13  t o  17. Soms basic  camtdera- 
tfons and sumested approache8 t o  t h e  general problem axe given 3n 
re ferace  18. The method of characteristics with suitable slmpl~ing 
assurmptians has Been wed  to  calculate  cartain body- interference 
problems in reference 19. General treatment of' thie problem l e  -1- 
cult, indeed, because of the great number of possible ccmfiguratione. 
Whan a t a i l  o r  wing is added t o  the body-wfng cdiguraticm,  general 
treatment became6 &tractable and reliance rmrat 'be made an exporlmente 
and theoretical study of cnmponent effects on each other. Another phase 
of the problem which hae recefved  recent  theoretical  attantian is that 
of predicting the cha3.acteristice of a lifting surface in a rranunlform 
atroam such as exists In the  downwash field_ behind a lirtlng wing. 
Soma of theso results appeavr in references 20 and 21. 

." 

" 

A lmge number of experiments t o  determine the aerodymmic  charac- 
te r i s t ics  of complete configurations at superaanic speed8 have been 
nado. Moat of these experiments have been made an misailea asd miseile 
componmte and, in newly every case, an attnmpt hag been mxle to obtaln 
fron the data genera2 fnteriarence  effects ammg the  configuration cam- 
ponents. =BO, BOD systematic teots of a series of ccrmpanats 
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and configurations have been made. Ram all these axpe-ts memy 
Interference  quantities of general  interest have been obtained; however, 
the  proportionate  yield appears d, pr inc ip l ly  becauee of insuf'ficient 
precisian iq the tests. 

The purpose of the present  investigation was t o  Isolate, insofar as 
possible ,= term6 of l i f t ,  drag, and pitching moment, the effects on each 
other of t h e   c q m e n t s  of a variable body+- lne ta i l  configuration. The 
basic  test  model was macle so that the rectan&.ar wine; could bo located 
a t  three  lmgitudFnal  gositians along the body and the horizontal t a i l  
could be located a t  three  vertical  positians relativg t o  the plme of 
the wing. The tests Fncluded throe-sompment zrteasuzeaents on a l l  
possible elenrents and canibinatiane of t h i s  baaic model and were made at 
a Mach number of 1.92 in the Langley +inch supersonic  tunnel. 

Tn the presar$ation of resul ts  fram the  tes ts ,   the   basic   l i f t ,  drag, 
a3ld pitc-t data for all the cnmpnnents and confbfnatians of COE+ 
panents are  first 'discussed and, where possible,  elemental  conparisom 
with theory made. Next ,  Vsrrious factors  affecting  the  longitudinal sta- 
b i l i t y  of each complete body-tail configuration are isolated fram 
the test reeults and discussed  sepmately. These factors include t h e  
effect of the wing on t he  tai l  lift effectiveness, the effects of the 
body upwash and x3ng dmwash on the pitchfng moment, and the effocte 
an the  pitching moment of tai l  center-of"pressure Aift; due t o  adding 
the wlng. FinR.13v, the   p i tch ing+ommnt-culopa  v a z i a t i q  w i t h  wing 
position and tai l  height f o r  the crrmplete configuratian m e  discussed fn 
terms of the ccrmbined efeects of the  various  factor6 previously isolated. 
It will be o b v i m  that the final l a n g i t u d h d - s t a b i l ~  changes w i t h  
wing pos l t im and t a l l  height. are relatively e m d l  for the configuration 
of these t es t s ;  however, a rather  detailed-discussion is made for  the 
sake of other cams where these combFned effects may not be d. 

A aspect r a t i o  (b2/s) 

a angle of attack 

asgle of zero lift 



4 WCA RM L W 8 a  

I 

c, 

d% 
cLa = 

drag .coefficient (D/qS) 

lift  coefficiant (L/QS) 
9 

pitch t coefficient,  referred to theoretical flat- 
pl.=r of pressure of wing (M/qsc)  (fig. 2) 

pitch-t coefficient  calculated f'rm measured incre- 
mantal lift valueB assuming tail cm-br of pressure at c 

theoretics3  flatwplate  location for isolated tail . 

. . .  . . 

pitc-nt coefficient at a = 0 , 

downwash w e  (positive downward) 

average  effective dmwash angle f rom theory or  force 
tests (fig. 18) . .  

tail height (fig. 2) 

tail lm&h (f lg. 2) 
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P stream  density 

R R q n o l a S  nuzliber ( PTC /p ) 

S wing area 

Subscripts : 

B model configuratim of body and vert ical  tail 

BT model configuraticm of body, vert ical  tail,  and horizontal 
tail I -  

t refers t o  hor izonta l  t a f l  

b in presence of body 

bw in presence of body and wing 

W due to   addi t ian of wing 

Descripti'on of Tunnel 

All t e s t s  were canducted In the Iangloy F W c h  supersanic tunnel 
W c h  is a cantipuoua-operatian closed4ircuit  type in which the &rean 
pressure, temperature, and humidity cmditians can be cantrolled end 
regulated. Different test Mach numbers m e  provided by interchanging 
nozzle  blocks which form test sectiane approximately 9 inches square, 
Thr0ughou.f; the p r e s a t  tests, the moisture  content in tha tunnel -8 - 
kept sufficiently low so that the effects of condenaatian in the 
superson~c nozzle mre negligible. Eleven fine-mek turb~enc" ' 



6 - NACA RM L m 8 a .  

I 

s c r e m  m e  provlded in the.relatively l&ge area settling; chamber Just 
ahead of the  supersmic nozzle. A schlieren  optical eystom ie provlded ? 
for qualitative visual flow observ-atfona. .. .. . 

Models and Test  Setup 

A drawing of the test  setup in the tunnel i s  &om In figure 1 and - 

detail6 and dFmensiona of the model m e  shown in f i p e  2. Tho Xing 
could be fixed a t  m y  m e  of three longitudinal  locations &Long the 
f ineness-ratiGL2.5 body. A m o t h  plug .Crae also qd.lzible t o  make up 
the body f o r  tes t s  w5th no wing. The tail sectim- was ramovable so  - 

that different tails could be provided and, 88 ahown, three values of 
t a i l  height mre used in the tests.  A l l  m f a c e s  had sgmmetrical 
circul-c sections of &percent thiclmese  ratio. Both win@; and 
horizontal t a i l  were of aspect r a t io  4 and. the t a i l  arm m a  me-fourth 
that of ' the wing. The vertical  t a i l  was provided solely for eupporting 
the hor izmta l  t a i l  in position8 above the body but was included on all 
model canfigurations. In d e r  t o  canrpleto the series, M a n e  tos t s  
were made in which the win@; was mounted m a very e l d e r  sting in con- 
junction d t h  a differant mmable windshield. The st- etnd wlndahield 
arran@;tmant m e  similar to that wed in the t es te  of referosco 22. This 
m g e m a n t  is described in reference 22 and is  aham t o  have mall 
effect on the flow mer t h e  wfnga of those tes te .  

. .  

. .  

. .  

The present tests were divided  into two serfee. The l i f t -e t rdn-  
w e  mangement ahown in  figure 2 was that used in the first series 
of tests. Jn thie  mangement, the lift gagee were .wired in such a 
way that the force aOrmal t o  the beam wa8 indicated  directly and We- 
penkatly of longitudinal locatim. The mmmt m e  indicated. Fndepond- 
ontly OZL the  other gage. Readfngs a both, sete. OP gages were taken 
fram Baldwin  Southwark ' S R - $  straln indicators. Ln the secand series of 
tests, the internal beam simply had two moment gages, and moment values 
at each statim were taken independently. The u ~ e  af the internal st- 
balance  permitted evaluation of forces on the mdel only and excluded 
forces an the support sting. !There did, however, exist the  poseibility 
of small forces act- on the inner port ion of . the body shell a t  the 
rear, these  forces misbg from flow through the a m d l  gap between the 
body and exposed st- at aglecs ofa t tack .  A l e o ,  there el=fsted t h e  
poseibility of effects an tihe flow over the reas p o r t i m  of the body of 
disturbance6 due t o  the windshield being felt forward through the 
exposed-stfng boundary layer. Both of these  effects, however, a r o  
believed t o  be mall. Fn most of the data presented. 

In additim t o  meaauremente of normal force asd pitch- moments 
by mans of the  etraFn gagee, the sting wae coMected t o  extermal 
mechanical scales which memured the lift, pitch- moment, and drag 
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of the model plm any forces an the  sting. The lfft asd pitching- 
moment data f rcan  the ext;ernal scales were obserped t o  include M g e  
side  forces on the spbdle; hence, only the d r a g  data f r a n  the exterpal  
scales are presented or used herein, except that forces on the wdng 
alone us-g a different s t i n g  and windshield arrangement w e r e  obtained 
from the externa l  scales. A drag measuramant ma ,  of course,  necessary 
in order t o  reduce the strain- noTm&l"force values t o  lift values. 
Fortunately, the drag forces on the sting, wbich are include& in the 
external. s d e  meaBuramazlt, are  very e m a ~  as was proved b-j, a ~ r i ~ a z y  
tes ts .  

Angles of attack of t h e  model w e r e  measured by ns8118 of a very 
narrow light beam reflected at0 a scale f r o m  a EUWU mfmrrr embedded 
in the reas  sectIan of the body. I 3  this way, t r u e  w e e  of attack of 
the model were indicated w e c t l y .  

Test Procedure 

Configuraticms.- Force measurmauts yielding lift, drag, and 
pitching moment were made mer a rmge of angles of attack of about * 6 O  
f o r  a l l  possible  demente and c d l n a t f o n s  of the bow, wing, and hori- 
zontal   tai l .  Also, the t e s t s  included ccmf'iguraticrne havin@; several 
tai l  incidence -0s for each of the three horizontal tails. Ih a i -  
tion, a t e s t  of the wing on a very slender st- was made at two values 
of Reynolds mnttber - one value the same aa that for the configuration 
tests, and the  other value one4mJf this value t o  approximate the 
isolated-tail  characteristics. 

Test  series.- The data  presented were obtained frcan t e s t s  divided 
into two series. Ib the first series of testa, measwaments of lift, 
drag, and moment for all cmfigurationa w e r e  made. Subsequent analysis 
of the  data, however, revealed that errors had been made in in i t ta l ly  
referencing the model angle of attack with respect t o  the stream Wec- 
tim. These e r r o r s  appeared random and indicated errors Fn absolute 
angle of attack  relative to the stream of as much as 0.5'. The data 
further  indicated that errors, thou& mLlch smaller thm the anglmf- 
attack  referencing  errore, had also been made in the taU.-fncidence-angle 
measurements. lb a given run of this series, however, model angles of 
attack  relative to each other were within fO.OlO; thus, lift- and moment- 
curv-lope value8 were s t i l l  acceptable. It was concluded that the 
errors arose from the methode -of mechanical measurements used. As a 
consequence of these  errora, a second  complete series of t e s t s  was made. 

The purpose of the second series of t e s t s  W&B t o  pos i t im   t he   cwee  
of lift, pitching mament, and drag with r e q e c t  t o  the angle of attack  as 
precisely aa possible. =.the errors in the first series had been 
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conffned t o  angl-fettack  reference, it would have been d f i c i a n t   t o  
establish the m e  of zero lift as a function of tail incidence angle. 
Since the t a i l  incidence angles were also in doubt, it .becams necesfsarg 
t o  establish same va lue  of acment coefficient as a Azncticm of t a i l  
incidence angle. Once these miat iane  were established, the lift and 
drag c q e s  Could be shifted along the anglgt-of-etttack scale and the 
InOment curves could be shifted along the angle-of-attack and momant 
scales t o  p o s i t i m  correrrpanding t o  the  original measured values of 
tat1 incidence angle. The only assumption Involved Fn this procedure 
is that the shapes of the curves do not. change in bein@[ shifted from a 
pqsition correspcmdzhg t o  that for the t r u e  t a i l  incidence angle t o  tho 
poaitim f o r  the meamred tail incidence angle. Analyeis of the.dat8 
showed that t M s  asfnnnptim W&B valid f o r  the meLL ~ e r e n c e s  in tail 
incidence angle.  Zn this second t e s t  serfes, the angle of zero lift and 
the  pitchiq-mommt coefficient at zero angle of attack as functians of 
the tail incidence angle -re accurately  established for each c d i g u r a -  
tion by running the model tbrougjh only the necess= BECL range of 
angles of attack. DlfPerent measuring procedures were adopted BO as   t o  
increase the accuracy of the angle-of-attack referenoe and the tail- 
incidence meamramsnts. Ln the second test series, the internal beam 

d 

- 

with two  simgle DlOltleIlt gage8 TJ&B qmployed. 0 

The precisian of the data has been evaluated by estimating the 
uncertainties fn each item involved in a @veri q w t i t y  and combining 
these errors by the method  which fallows f'ram the thew of lea& 
squares. (See ref ermce 23. ) The f lnal values thus obtained f o r  the 
uncertainthe in t h ~  quantities invalved in the  preeent  tests are 
summarized in table I aha a discussicm of the.va.rioug factme affectfn@; 
each of these quantltiee i s  given in appendix A. For thoee  casee in 
which the  precision varies with 1if.t coeffrlcient, va3ues axe given f o r  
l i f t  coefficients  cmespan&bg approximately t o  the limit of l i n e a r L t y  
of the lif't Etnd mamsnt curves as well as f o r  zero liFt. rche uncer- 
ta int ies  continue t u  increase beyond' the llnem range. 

RESIJLTS AND DISCUSSION 

The basic data are presented in the form of lift, pitc-t, 
md drag coefficimtls, and the coef-piciants for a l l  configuratiane me 
bamd on the  total  %ing mea. Pitchln-mmt coefficiants g e  based 
cm the chord and are referred t o  the  theoretical center of prerseure 
of t h e  wing ( 0 . 4 % ~ )  as c d c u t e d  from the ~ t n e a r  theory for a f la t  a 
plate at the t e s t  Mach number. For the cosfi@matime  without the wing, 

" 
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the pitchin-nt coefficients even in the gmphs are  referred t o  
the point correspanding t o  the aerodynamic center of the wing in the 

most f o r b z d  posi t im (: = 3.34). The Reynolde number w&8 0.4 X 10 6 
based on the chord o r  2.8 X 106 based an the body lengbh for 
the tests except as noted. 

Lif t  Rernzlts 

The lift results f o r  all the cmfi@rakians are presated In 
figures 3 and 4. A8 msntianed ea rue r  in the sec t im on test   series,  
the  data fram the first  tes t   ser ies  have been shifted along the m e -  
of-attack  scales so that the angles of zero lift corre~pond t o  the 
correct value as determined in t h e  secmd test   series.  These data from 
the f irst  series me indicated by the lmger test-point Bgmbols. The 
a e r  aynibols represa t  data frcanthe second test   eeries and cover a 
much FnnR.7er an@-f-attack range in most cases. Although the  data 
for the BWT and BT configuratione in the second test seriee were obtained 
a t  values of d i f f e r a t  from those of the first series, the data have ~ 

been shifted along the  angle-ofettack  scale so that they  coincide wlth' 

the data for the nemest values f r o m  the f irst  series. !This pr- 
cedure aided in the accurate  determiastion of l i f t - c w e  slopes and wae 
considered justified  since  the  difference in  1% values between the 
test   series was mKU and the curves were  linear In the mr.wLL angJ-e-of- 
attack range of the second t e s t  series. 

31 the following s e c t i m  on the lut resulte,  discussian wi l l  be 
made of relatively e m d l  sariatione in Uft-curpe-alope values and amall 
departures from Unemity of the indfvldual lift curves. Although anrall 
percantagewise, the  variations in Ilft-curpe slopes lead to significant 
changes in quantities such as t he  damwash due t o  adiitng the wing which 
will be subsequently  obtained from formulas involving differences between 
elope values. Since them fornnzlas involve linear slope  values asd &?e 
sensitive t o  ~ K U  differences in these V ~ W B ,  it is of significance 
also t o  point out, f o r  each configuration, the limits of Ltnearity of 
the lift curves BO that the range of applicability of quantities subs- 
quently  obtained by the linw forruulas can be qualified by referonce t o .  
these lfmFte of linearity defined here. 

BWT c&iguratione .- L i f t  curves for  dl the BWT configurations are 
shown in figures 3(a) t o  3( i) . Ih general, it appears that the '1-ar 
range of lift vasiatian with angle of attack is roughly f 2 O  about the 
ang le  of zero lift, xith  the excepttan  that the results f o r  t he   t a i l  

a t  2 = 0.35 show a tendancg for the llnear range t o  be reduced as the 
C 
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incidence @e increases. Vdues’of  lift-curve slope taken frm the 
llnear range of the data are given in table II. The most si&ficant 
trend of the values of lift-curve slope is the Increase as the tail arm 
is shortened. For the two lower tails, the aKLl incream In lift-curve 
slope as the tail am is shortened is probably due to decreasing Xing 
downwash BB expected f r o m  the.ory. For the case of the highest tail  where 
the WLng -dawn- is expected t o  be Bmall, there appears no significant 
effect of wing position QZL 1ift-cUrp.e slope. !Fhe most sfgnificmt c,hnnoes 
in lift-curve slope with t a i l  incidence angle are 138811 for the cam 

Of 5 = 0.35. This increase is  due t o  change8 in t h e  flow in the regIan 
between the tail and the body and w f 1 1  be discussed- subsequantly. 

L 

BT and B configuration8.- L i f t  c w e s  for a l l  the BT configuratiane 
a r e  ahm in figures 3( J )  t o  3( 2 ) .  B. gene&, the liaear range of ande  
of“ attack is greater thcul for any of the other ocarPfguratfane. One 
significant  departure f’ramllneasity appemx for the case of the tail 
f o r  = 0.35 at & = 7.79O ln the angle rwge from about -5O t o  lo. 

The values of lwt-curve slope f o r . &  t he  BT car~iguratiane are the aame .. 
within a mximm variation of 7 percent. The fact that t he  t a i l  f o r  ; h O  = 

has a lift-curve elope equi&ant to that far the two higher tails, in 
spite of the fact  that mer 20 percent of its area is mbmerged withFn the 
body, is due t o  the greater upxaah at the b e  msridian plane. 

C 

Reeults for the B c d i g u r a t i a n  (no wing or h o r f z a t a l  tai l)  ahown 
in figure 3(m) indicate a linear range of about 530. 

BW and W cCa2fi”f;iau.- The last of the lift results for the BW 
and W canfigmations  are e h m  In figure 4. The B and W results a m  
included on each graph for comparison. The values given in t ab le  U 
indicate the l-urve slope of the BW ccmfiguratim to fncrease sti&tly 
as the wjng m e 8  re-d alq the body. The r w e  of linearity f o r  
both the BW and W canfiguratianer appems t o  be about *2O about the angle 
of zero lift. 

Comparisan of w3ng and body lift remits with theory.- Compazison of 
the experimental lift”cul-pe--slope value for t h e  wing 

alone with the theoretical value f r a m  the linearized theory for 8 flat 
plate indicatee that 93 percent of the theoretical lift has be=. real ized.  
The theoretical value of CL = 0.0392 i s  onmputed for a flat-lplate 

rectangular wing of aspect ratio 4 at M = 1.32,- with no second-order 
c o r r e c t i m  for thiclmess  effects. 

a 
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For the case of the body lift, a rough theoretical  estimate of its 

lift  ma^ be 8 - l ~  obtained provided the b e  is cansidered mfficiently 
slender. Frum Mmk' s airshig theory, the l i f t icurve slope of a very 
alender =bit- body is given as cL = 2 &ere a is in radians 

a 
and % i s  based m t h e  base mea of t he  body. Ln discussing the the- 
re t ica l  lift of the boas fra this efmple c m e p t ,  several facts   me 
fmportmt, namelg, that, if the body closes so as t o  terminate -~n a 
Point, the t o t a l  lift at 811 angle of a t tack  ie  zero. E the Init$ally 
ogival nose is followed by a cylindrical  sectiw, the u f  t 011 t he  qltt~- 
drical portian-of the body is zero. m e  other important fact  is that 
the f o m d  portion of the body that increases in area rearwa,rd carries 
positive lift and t h e  rearwad canverging portion of the b e  -ies 
negative 3uft. Thy, for a body U c h  has a rem  section that converges 
(boat--talUnn), m y  sepmatian  at  angles of attack tends t o  reduce the 
negative lift, thereby increasing the t o t a l  Ut. If the lift-cme 
slope of the presm3 body is  cdculated  as  previously outlined bamd.an 
the base m e a  and converted t o  the mobel w i n g  qea, a value of per 
degree of. 0. OOU. is  obtained. Thia value is seen to be rmly one4alf of 
the  experimental value given I n t a b l e  II. Since a k g e  part of the bcdy 
length rearw?zd of the nose section is cylindrical, it might be expected 
that the  theoretical   si tuatim would be more closelg  represented by 
isor ing  the  rear  converging sectim and basing the lift on the crcma- 
sectional  area of the cylindrical portion. Such a  value is double that 
obtained by collElidering the negative lift of the r em P o r t i a  and is 
about identical with the experimental value. It thue appeazs. that if 
these sSmple cnncepts mag be cmidered  applicable,  the neg3.tI-m Uft 
Over the  raar porti0n of the boas ie essentially wrped out by EepZatfCal. 

Comb- the  l if t-cme-slope values for t he  b d y  and wing tested 
separately gives % = 0.0387, which vdue is seen t o  be lower than aqy  

of those for the b e  an& wing in combinatian. This is  probably due 
largely t o  the  fncrease in lift of the uin@; In the upash region  created 
by the body. Bee-, in reference 9, has carried. art, by meane of 
lineazized  theory,  calculatians f o r  the lateral uptrash distributian In 
the meridian plane of a body made up of a slander ogivo followed by a 
cylinder. His results show 'that a6 the  cylindrical portion of the body 
is approached the upwash distribution out f r o m  the body in the meridian 
plane f o l l a r s  very cloEeb- that for an infinite cylinder; that is, 

, E  = -- where r is the distmco out f'romthe b e  and R ie the 

radius of the bo&-. Ey use of s t r i p  t heo ry  along the wing for the present 
ccazfigwation, an average effective upwash along the span of 0.05a 
is ob%-. .It is then aeium6-d that the lift of tho exposed w h g  in 
the presence of the body w o u l d  be Fncreased br 5 percent. €& us ing the 
experbmntal value obtained for the WLng alone and aesuming further 

U 
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that the unit l i f t  of the'buried  section of the wLng is  equal t o  the 
. average unit lift of the wing cone, the estimated lift increment of 

the wing added t o  the body would be 

A(CJ"& = (O.86)(1.@)(% a + (O.lk)(C 

The experlmntal values for  the wfng-lift Increment, 

vary f r o m  0.0378 t o  0.0383 ae the wing moves back dcmg the body. The 
apparent check of the experlmmtal values with the above estimate is no 
doubt fortuitous, since the aasnmptims,  especiaLly that of lift ca.rry- 
over, may not be justified. Lh l ight  of caputa t ims  made in ref 811- 
a c e  24 f o r  a sFmilm canfiguratim mfng Ferrarl's boas-xing inter- 
ference theory, hasever, there €8 reason t o  believe that t h e  effect of 
the WLng on the body is such that the lift of t h e  buried partian of the 
Weng tande t o  be preserved. Remalt8 from them c q u t a t l a n s  in refer- 
ence 24 show that the lift of the xin@; first increaees, Lien falls off 
a8 the body is approached, and that the effect of the w i n g  on the body 
is t o  increase the body lift; Fn fact, the greatest port ion of the l i f t  
an the bcdy  due t o  the wing appears d0Wnst;ream of  t h e  x3ng"brailwiLge 
Mach plane and body intersectim. !Em effect of the rearwarrd shift  of 
the  campover win&. i f t  increment wfll be mom apparent in the  mnmRnt 
resulte. 

.Variatian of %= with tail incidence.- Variations in the angle 

of z e r o  lift, wlth t a i l  incidence obtained in t he   s ecad  test eerie8 are 
shown -In figure 5 for the BT canfigmatias  and in figure 6 f o r  the 
BWT cmfiguratime. The results i n  f i w e  5 f o r  the BT configmatime 

show that f 'it = Oo, cq-+o is nearly 0.90 f o r  t h e  = 0.33 case 
C 

anc~ about 0.30 for the = 0.70 case.  hie result undoubt- arises 

from a downflow at  the tail due t o  the flow field induced by the ccm- 
verging body, although the displ&c&nt $P "LOL,O a t  it = 0' for t he  

i n t emdia t e  t a i l  is also influenced, a8 will be shown subsequently, by 
a differant flow f ie ld  which is created between the hil and the body. 
The much smaller  displacemat a t  it = Oo for the lower tail is probably 
associated with the influence of the  vertical  tail. 

C 



Moment R e s u l t s  

The mamsnt  results for all the configurati.as aze presented in 
figures 7 and 8. m or each cd igura t i aa ,  the p i t c h o e f f i c i e m t  
values fran the first tes t   ser ies  (larger aynibols) have bean shifted 
alang the ang.l+of”bta.ck scale the same comespopding increanernt as 
was required t o  make the anglee of zero lift correct for the or ig ina l  it 
measurements. Tf the original it me~urements had been correct, this 

shift in angle of attack for the mment values would have bean sufficient; 
however,  msaeurem.ents in the eecmd tes t   ser ies  of the mmnFvlt coefficient 
at Oo angle of attack &awed that t h e  angle waa not sufficient, thus 
positively  indicatjng  errors in the original it raeasuranents. The maanant- 
coefficient values w e r e .  therefore also. shifted along the monnant scale by 
a canstant incramant for each canfiguratian so that the mm8n-b coefficient 
at Oo angle of attack  cmeqcmded with the value as determined in the 
second test   series.  AB f o r  the lift, results, the results fKHn the secmd 
t e s t   s e r i e s   (md le r  Bgmbols) were shifted along the angl-fIxbtack 
scale s o  that the curves occupied the poeitian CCWIWB~- t o  the 
original Q d u e s .  

Since the mwmnt- and l i f t -cme elopes were unaffected by amall 
changes in incidence angle, an  equatian gim the emor in the origi- 
lial it measurements cas be se t  up by using reeulter  obtained Fn both 
tes t   ser ies .  Calculatiqcm wing this equatian were lnade for mbst of the 

t o  scatter rather widely because of the saneitivity of the  equatian t o  
- configurations with the tail, and the  reaults f o r  each setting were 88831 
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small changee in a m  of the terma. It was thus believed that it would 
be more satisfactory t o  present  the data aB CorreepondFng t o  the  original * 
ta-ll-angle. measuremente rather than attempt to  correct the it value8 
only approximately . 

BWT C&l.mtime.-  Pitch-mt C-eB for  .dl tho BWT C a i r n -  

rations m e  @van. in figures 7(a) t o  7(1). It may be Been that the 
scatter of Che moment data is generally  greater than the  scatter of l i f t  
data. Also, the  trends of the scatter can be ma t o  follow generally 
the  trends of uncertainty &8 given in table I. It thus appeara most 
pro3able that veriatians In the b e t  d ig i t  of the values shown for the 
pitc-mt-curve slopes in table 11 may not be si@pificant for s o m ~  
casee. Furthermore, since the uncertainty of moment values incraases 
uith l W t  or angle of attack,  the range of l inear i ty  of the curves is 
not readily determinable. It is generally obeerved, however, that the 
changes In slope of the moment curves  colncide with changes, fn elope of 
the lift curves; thus, the l ineas range of angle of attack of the momsnt 
curves appears approximately the e m  aa that f o r  the lift c m e e .  

The effecte of changes in dowaraeh wtth w3n.g positfan are n o t  
obvious from the mament-curve slopes given in t a b l e  II because of the 
changing tail arm. It is ayparant, hawever, that the  effects of -la- 
tions w t h e   t a i l  Incidence angles on the mament-curve slope6 f o r  the 
two higher t a i l e  a m  greater than the effects an' the lift-curv-lope 
W u e s .  'As' mentioned for  t h e  lift results, these effecte m a  probabu 
due to c-e in t h e  flow between the tail and. the body. 

J -  

BT and B c&iguratlona.- Mament curve8 for as1 t h e  BT configura- 
t i o n s  a r e  shown in figures 7 ( 3 )  t o  7(2). The differences in magnitude 
betwean the BT mcrment-curverrlope values and the correflpoinding valuee 
for the BWT configuratians are due both t o  the offect of the xFn@; on tho 
body and the  effect of the wing on the tail. ' The effects of incidence 
angle for  t h e  two higher tails m e  Been t o  be of the same magnitudo as 
f o r  the BWT configmatiom. 

I 

. .  

appems that  the center of pressure of the body lies about at th,e noso. 
This lndicateer that most of the l i f t  i a  c m i e d  011 the nom section but 
that  E I ~  negative lift over the rear eectian of the body fer '&ill 
present. This r e d t  ia not necessarily  cmtradictory  to  the deduction 
from the l i f t  resulte that the negative l i f t  over the rear portion of 
the body is wiped out by sepat iorr ,  slnce m~n the AmRI.1. negative l i f t  
at the rear of' the body can have an appreciable  influence an the body 
center of pressure. - 

. .  . . .  



Bw and w c o n f i ~ t i ~ . -  m e  moment data for the Bw &nd w ccmfigu- 
ratione are given in figures  8(a> t o  8(d). The momnt-cm-lope 
results  qualitatively bear out the statement made fn regard t o  t h e   l i f t  
that  the lift "carry mer" of the wing ie, as predicted by calculatians 
based a z ~  Perrazi*8 work, Bhifted reaxwaxd relative t o  the center of lift 
of the wlng a l a e .  This may be seen by comparing t he  d u e s  of the 
momenhurve slope f o r  the wing alone wfth the  incremsntal value for 
the win@; on the body. The incremental momenhme slope cmkributicm 
of the wing ( (C;.a)Bw - ( L)B) is, f r o m  table 11, for 2/c of 3.34, 

2.74, and 2 .lk, respectively, A 

since (%), = 0 . 0 ~ 5  and the lift; increment of the on t he  b e  is 

greater than the lift of the wing alme, it IE clew that f o r  all wlng 
pos i t i aa  the effective  center of the incremental uln@[ lift is can- 

. siderably  farther e than the  center of lift of the - alone. o w  
= O.OOOg, 0.0008, and O.ooO4. 

vaziation of ( h)-o dth tdl incidance.- The.pmameter . 

was selected  for  determfnatim in the second tes t   ser ies  alnce values 
of this pazameter were always 4 the  linear range of the lift and mQmsnt 
curves and the mament c m e e  f romthe  f i rs t   tes t   ser ies  could thus be 
corractu positioned. The variations in (~m),~ ~ l t h  it axe given 
In figure 9 for the BT cafiguratione and in figure 10 for the BWT can- 
figyatione.  The slopes of theee c m e s  axe givan in table III. The 
positive moment at 12, = Oo wises f rom the dawn load a t  the tail ahown 

in the l i f t   r e su l t s .  The a m  treRda  with t a i l  height a8 for  the lift 
are indicated, that le, the b g e s t   ~ ~ ~ s p ~ a c a m e n t  of (G) ,~ at it = 0' 

occurs for the  interm0diate tail, decreasing for the highest and larest 
tails. !&e q i t u d e  of ( k)-o at it = 00 ap-s essentially 
unchanged by adding the wing except f o r  the intermediate tail for wbich 
case t h e  aisplacemant is a functica of wing positicm. Thi~ m i a t i o n  
w i t h  wing positian is indicated t o  be due t o  the  influence of the flow 
f ie ld  fron the w3ng m the flow around the t a i l ,  e w e  the dlsplacemente 
f o r  the  other two tail positiane a m  unchanged by adllitlm of the wing. 

Drag Results 

The drag data frcm the first test   series for all Gonfiguratians m e  
given in figuree l.l t o  14. No drag data . a re  presanted for  the second 

the asgle-of+btacS scale by the same increment a8 m a  required t o  make 
the anglee of zero lift correct for the tail incidence anglee shown. It 

fB6t  SerieB. fOZ' the lift, the drag have be= S h i f t e d  



is obvious that the M u e  of m h 3 r . 1 ~  drag is a function of tail fnci- 
dence, but since the errors tu t a i l  fncidance wem small, the corn+ 
spanding drag errors _would a l s o  Be amall and. the nature of t h e  drag rise 
should not be si@ificantly  affected. It. &ould be mentianed -that the 
low Reynold~ number of the tests ten& t o  lessen the &.gnificance of the 
absolute values of the drag coefficients. 

Drag of WFng an 8tq.L The drag data obtained f'rcen t es t s  of the 
w i n g  on the slender sting are presented in  figure8 .=(a), =(dl, 
Eand 13(d) .  Aleo included In figure =(a) m e  reaults for a t e s t  Reynolde 
rider approximately ane-2lalf the value for all &her tes ta  presented. 
Evidence that. the boundary-layer flow mer the wing is almost -ally lami= can be seen by calculation of' the Incr" preeme and vis- 
COUB drags.  The f ollowfng table ahme EL, breakdown of the drag Fncr+ 
menta a t  Oo angle of attack: 

The Close  agreement Between the friction drag increnmxt fram the t e e t s  
and the calculated  frictian drag incramazlt, together with schlieren 
studies which s h e  verg m a l l  sep,ratiaa,  suggest K@t a t  0' angle of 
attack  the boundesg-layer flow oyer the win@; fs essentially lamFnar. 

It is apparent in figure ll(d) that the rate. of drag r iee  with an&e 
of attack is lowest for t h e  lmr Reynolds nuzTiber results. For this 
case, t b e  drag r i se  iB 88 predicted by a~suming tlze resultant fome an 
the trLng t o  be normal t o  the chord line. For the higher Reynoliis ILumber 
case, the drag rfse is higher. The Uft- and mcmtenhurve alopes were 
inafcated t o  be unchanged by the  variation in Reynold8 number, thus the 
reason f o r  the increaee in the ra te  of drag r i s e  for the higher Regnolib 
number case i s  not c l ew but maY be aaaociated  with an increme with 
angle of attack of t h e  vlscous chordwlse force. 

Drag increments due to adding wing and tail.- The increments in drag 
due t o  adding the wing t o  the B and BT configuraticms for variw Uti- 
dance angles were compwed at the angle of attack f o r  m"lmrlm drag of 
each BWT configuraticm. !.These increments w e m  then refemed t o  the drag 
of the ning alone (WFng on .st-) at the same angle of attack and compared 



with each other. This ccmpzism is shown in table IT Fn term of the 

indicated frm th is  canparison that the increase in drag Increment abwe 
that f o r  the wing &lane is prlmmlly due t o  adding the w b g  t o  the body 
and that only sec- changes arise fram the effect of the wing Fn 
changrzlg the flaw a t   t he  tail. Gnmparisane at higher and larer angles 
of attack within the range of the t e s t s  shared that  the value of both 
of these ratios  generally tended t o  approach 1 ae the angle of attack 
m e  increased o r  decreased wfth respect t o  that for drag.  This 
l a t t e r  result is associated mostly with the  fact  that the cmfiguratioss 
with the wing have higher drag r i ses  with angle of attack than do the B 
and BT configurations. The large increase in the wing drag increment 
when added t o  the body 88 cnmpared w i t h  the drag of wbg a l m e  mag be 
associated dth. a change fram t o  turbulent f l o w  mer  the rear 
portion of the body when the" is added. W s  possibility is 
suggested by the decrease in  uing drag jncramnt &B the wing is  moved 
rearwazd. 

1 ra t io  of wing drag i n c r e m t  t o  the drag of the wing alone. It is 

A similas comparison waa also made between the  drag Increments of 
t h e   t a i l  in the presence and not in the presence of the wtng. For the 
reference drag, that is, the drag of the tai l-alone,  the on- R e p o l a S  
rimer t e s t  values of drag coefficient -re quartered  since 
the   t a i l   a rea  is mefour th  that of the wing and the coefficients are  all 
based on the wing mea. W e .  carprison showed the same general results 
as did the compwisan for adding the uing, that is, the  effect- of adding 
the wing on the drag increment due t o  the tai l  W&B mall. The most signifi- 
cant  result of the tail-draetncrement study wa8 the ObEIervt3tiO1I that 
the drag incrementa of the t w o  highest tails at the  higheat.  incidence 
angles approached values 2.3 t o  2.8 t h e s  the drag of the tail alone. 
Drag increments for the lowest t a i l  and the higher tails at larer Wi- 
dence angles varied between 0.8 asd 1 .3  t-a the drag of the ta i l  alme. 

Factors  Affecting  Pitching M o m e n t  of EWT Ccnrfiguratians 

In the following sectlane,  the data just presented will be used t o  
isolate  mrioue  factors which affect  the  pitching mameat of each BWT con- 
figuratim. These factors  include  the  effects of the wing an t a i l  
effectiveness,  the  effects of body upwaeh ana d g  dmwaeh on the tail, 
and the  effects of t h e  w i n g  on the tail center of pressure.  Iastly,  the 
pitchin-nt vaziatlone wi.th ta i l  heigbt-asd wing p o a i t i m  of the 
BWT ccnrfiguratim will be d5scuesed in terms of the  cmbined  effects of 
the various factors. The procedure used t o  obtain  the body upwash and 
effective average wing downwsh at t h e   t a i l  i s  given in appendix B which 
also lncludes a general discussion of the limitations of m i o u s  prc+ 
cedures f o r  reduclng force data fcam teets  of m i a b l e  tail-incidence 
cd igura t iana  t o  effective average downwash -e a t   the  tail. 
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W w a k e  EPfects on Tail EPfectiveness 

It would be expected that, if effects of the wing f r ic t ion wake 
on the t a l l  lift or  mament exist, mia t iorm in these effecte waild 
occur &B the t@il moves vertical7y with reepect to   the  f r ic t ion wake. 
and itti boundariee. From the  present tests,  detailed exanination of 
the data failed t o  reveal any chenge f’rom lineazfty in the llft or  
moment c m e s  for  the angles of attack c-orrespandingto those a t  which 
the t a i l  might be expected t o  p e s  through the fr ic t ion  wake. It was 
concluded, therefore, that if any mch  effecte were -presemt, they were 
small asd the precisian of the measurements wag fpEnrfpicient t o  show 
them. The linear remilts Sham in table III, however, i n d i o a t e  s i c  
nificant  effects on the ta i l  effectivanese due t o  add3n.g the wing, qt, 
thus  suggesting that the  effects mise from the . w i n g  wake ae a xhole 
and are not confined t o  the vicfnity of the f’ricticm wake. The values- 
of dC$Ht  given in table III were  obtained by multiplying the  average 

lift-curve-alope  value throughout the i, range for each t a i l  from 

of dC, d i t  given in table 111 were taken directly fram figures 3 
and 10. 

I 
The valuee of uing-wake parameter given in figure 15 were 

obtained fram the llnetw results of table III. It should be noted, in 
observing the Variatim shown Fn figure 15, that m a l l  changes in tho 
slope values reeult In changes in q t  which are  a lnge fraction of 
the q t  values ehown. For instance, if  i.b is aesumed. that the 1”b- 

curve-~lope vEtluee a m  wit- +O. 0002 asd the . values 

wlthin fO. 002, then Tram the method of least  agpwes, the mxlmum 
probable error8 in . -vary from about kO.03 fo r  the lomet  tail 
t o  f0.02 for the highest tai l .  With these puesible m i a t i a n e  in mind, 
the r e d t a  of figure 13 indicate that the 1fft ef fec t ivmse  of the 
t a i l  is unchanged due to adding the wing for the  two higher tails but  
i e  incremed for the lower tail. This result i e  that for the average 
effectiveness of the tail throughmt the range; however, if the 
individual  lif‘t-curve-slope values of table I axe uesd in C q u t i n g  qt, 
it i e  indicated that, for the two hi&est tails, the lift effectiveness 
of the t a i l  tends t o  be reduced due t o  adding the wing ae the incidence 
angle increasee,  although the differences-from the average values are 

Y f O  
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not  appreciably more than the probable deviation  estimated  previously. 
The WFng longitudinal positicm relative t o  the t a i l  does not appear t o  
have a signlf icant  effect on q t .  

Using moment b t e a d  of lift reenrlts f o r  the wake pzameter, the 
same trands with vertica.l-taillocatian are seen, but the  absolute 
values of qt are reduced,  Zndicatfng that an effect of the wing i s  t o  
move the tail center of pressure forward. 

Theoretical  consideratima.- The theoretical downwash dietributian 
behind the w3ng as obtained f’rcm referance 1 is  given a figures 16 
and 17. The linearized  theory of reference I is f o r  isolated wings and 
camputations of downwash value13 are presented therein d l y  in the plane 

. of t he  wing fram the trailing edge t o  infrzlity and f o r  vertical  die- 
tances above and below the plane of the wing at inffnity (: = m). 

These dmwaah  distributians  at  the tail axe given maw f o r  the purpom 
of &owing trends and the  order of magnitude of the asgle gradient8 
across the t a i l .  The magnitude of .  the values a t  inffnity is too large, 
a~ can be Heen f r m  t h e  caqmiscm of figure 16(&). l%m calculatians 
for fFnite  tail  dfstances  not giva  herein, however, it appeare that 
the  trends  with t a i l  height of the  values shown a t   in f in i ty  are correct. 
Computations of the d a w n .  values a t  t h e  test   longitudinal  tai l  loca- 
tions above the plane of the wing were not  carried out s b c e  the effort 
required did not appear justified Zn yield- a compzisan with the 
present  results which represent  integmteti  effects. AIBO, slnce the 
t es t  asgle-of-ttack  range wae m a l l  and anlg linear results were con- 
sidered, no cansiderations of the d i s t o r t i a n  of the downwaah f i e ld  due 
t o  displacement of the  t&iling vortex sheet were  made. Reference 10 
s h m  these effects t o  be mal l .  for amall angles of attack and wfth in  
spanwise distances such as that carrered by the tail of the  present  teats. 

EPfective dmwash angles fromtest  result6.- The effective down- 
wash angles as obtained frat the test results a r e  given In ffgure 18. 
The theoretical downwash values from figures 16 and 17 avera&L’across 
t h e   t a i l  span are given iln figure 18(a) for  ccmqaziscm  w3th the t e s t  
values c a k d t e d  earn equatian (6) in a p p e n e  B using Uft results. 
Since the method used for  reducing the data t o  average downwash a a s m s  
linear characteristics of the various configuratim, and slnce the 
variatima of lif’t-cume slope wfth i t .  are 8mall, average values of 
the lift+urcre slop throughout the Q range of each cmf‘iguration 
from table II w r e  used in obtaixtng the results &own in figure 18. 
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Firs t ,  it i s  seem that a large upwash due t o  the flow field about the 
body occur8 a t  the 2 = 0 t a l l  on the meridim plane th~ough the b e .  

This large upwash is as expected, and the average value r w  checks 
that obtalned  cmsideri-ng the body ahead of the t a i l  t o  be 811 infinite 
cylinder. A s  the tail i s  raised above‘ the -boas, the ..upash falls off 
t o  neesly zero at the  higheet t a i l  locatim. Additian of the wtng 
creates  dmwaah for all cases; however, for  the two l m r  tails, the 
resultant i s  st i l l  upiiBh. ~orupazf~on of the eflective c i a ~ l r w a ~ h  due 
t o  the WLng with the theoretical  values for 4 = 0 &OWB decreasin@; 

donnwash aa predicted by theory as the t a i l  arm is shortened, but 
cmistant ly   greater  dowarash at  = 0 than the average theoretical 

values. ”tion ~f the effects on t he  3 vaues of dha~ges in 

the quantities wed in equatian ( 6 )  showe, for  Illstance, that i f  qt 

were equal t o  1, the - values f o r  the = 0 t a i l  youM be 0.08, 
da C 

0.03, and -0.02 for. I = 3.34, 2.74, and 2.14, respectively. These 

values are s e a  t o  be lea8 than the average theoretical values, thus 
euggesting that the  differences betwe& the .preceding values aseumlng 
q t  = 1.0 and the theoretical values are due both t o  the effects of 
the ruutual interference between the flow due t o  the wTng and that due 
t o  the body and the .effects an the intecated ,force on the ta i l  of 
the nonunifom flow acrms  the tail .  mi8 ,suggestian aieumss that the 
theoretical darmJaah f o r  the isolated whg would be r d i z e d .  The 
results of reference 10 tadLCate that for  the regions occupied by the 
t a i l  tn the  present  teste,  the  theoretical values for the  isolated 
wing should be closely apyroached. The trend with Increasing t a i l  
height ie   decreasw duwnmsh a8 ahown by both the theory and the 
experimen.t;s. The hump in the curves at the $ = 0.35 tail height i s  

C 

C de 

da 

d%r 
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probably associated with the different effects of the flow due t o  the 
wing at an&Lee of .attack an the asgmmstrical flow around this t a i l .  
Positive  qualitative m c a t i &  of thiCe3’fect m the flow about the 
tai l  was f r o m  schlieran photogra+ wbich axe discuersed in the 
next sectian. 

Downwash valuee c q u t e d  using  pltc”t+urve BLO e8 instead 
of l i f - kxmve  shpes in egmticm (6) axe in figure 18(b?. m e  
mamant-curPe+lope dues ueed axe, aa for  the-llft, werage values 
throughout the it r age  from table II. It is seen that, although the 
trands axe generally the 689~8 as thorn obtained  using lift reBultB, the 
ma@;nitujs of the Values is appreciably  different. Some of these * 
differences are probably due t o  the lees= accuracy of the moment r e d t s  - ..... 

-. .. 



as seen by the  scatter of C& values in table II. The largest part 

of the  differences in nagnitude, however, is due primarily t o  the shifts 
in center of preswe of the t a i l  cawed by addition of the w-. These 
resul ts   i l lust rate  the necessity of ue- lift -stead of mamt results 
U the procedure used herein fn order to obtain effective  amrage d m -  
wash values  closer t o  t h e  physical values. 

Canrparisau of the downwash values obtained from equation (7) in 
appendix B and shown in figures 1 8 ( ~ )  and l8( d) with values from 
figures 18(a) and 18(b) show the b g e  differences wbich result from 
ignoring the body upwash and wing effects 011 the tail effectivenees. 
Comparison between the downwash values in figures  18(a) aSa 1 8 ( ~ )  
for  the - = 0 tail, shows that the  differences in the 

parameter f r a m  unity, and the effecte of the large body upwash have c a e  
bined t o  weakly  reduce the values  calculated by equatian (7) below 
those calculated %y equation (6). The downwash values for the two higher 
tails are  underest-ted using equation (6) by a factor  approximhely 

equal t o  1 - - “b s d e  the “e parameter was about u n i t s  as 

shown In figure 15. A roughly similar c ism mag be obtained between 
the. downwash values of figures 18(b) and 1 (a), although the coqmisan 
is  f‘urther complicated by the shif’ts In center of pressure of the tail. 

h 
C 
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Schlieren Photogmpha 

Ih order t o  prmide an indication of the  location and relative 
intensity of t h e  various disturbances due t o  the flow about the models, 
aystematic schlieren photographa were made. These are shown f o r  me 
value of the tail incidence angle for each ElGrm configuration in 

the tWo-dimansiaa&L flow or  zerdownuash  region behind an fsolated wing 
856 aham in each plan Tim.  

figures 19, 20, and 21. Dashed Mach lines f r o m  th8 wing t i p s  enClOsing 

A n  interesting  obsemtian is af forded by the shock waves, seen in 
the photographs, manating frm t h e   r e g i a  between the = 0.35 t a i l  
and the upper surface of the body. Ib t h e  plan views of figures 19, 20, 

and 21, for  the - = 0 .  and = 0.70 t a i l s ,  a s ing le  shock crosslng 

each tail  semispan trall3ng edge i n b w d  frcm the tip can be traced in 
a nearly straight  l ine t o  the  leading edge of the vertical  tail. For 
the - = 0.35 tail, h m e r ,  two distinct shocks intersectbg  the 

C C 

h 
C 



22 .. .- mAcA RM L9U8a 

horizontal-tail trailing e- w e  seen la the plan v i m .  The most 
inboard of these two shock6 can be traced  to the vertical-tail  leading 
edge, but  tracFng the outboard shock forward. ~tl.g@;?st! that a strmg, 
detached shock exists ahead of the vertical  tail between the horizantal 
t a l l  a?xl t h e  body. It is thm indicated that a relat2.velg  large  regim 
of subeanic flow exists beneath the = 0.35 tail,  and it is probable 
that the flow is locally "choked" in the region bounded lsy the s i d e  of 
the  vertical tail, the lower inboazd surface of the horfzmtal tail, and 
the upper surface of the body. This mlxed flow undoubtedly influences 
the flow at the tail M c h   l e d   t o  the negative lift due t o  the t a i l  for  
zero angle of attack and zero incidence angle &own in figUreB 5 asd 6. 

Ih the curves of Sigure 18(a) showing the vaziaticm Fn effective 
downwash angle xith t a i l  height, a "hump" is Indicated a t  the $ = 0.35 
t a i i  locatim. Thie hump indicate8 that the wing has affected t h i e  
mixed-flow region t o  a greater extant than it haa affected the flaw 
about the body and t a i l  fo r  the other two tai l  positions. In other 
worda, for the larest and highest ta i le ,  it appears that the flow due t o  
the wing i e  more nearly euperfmposed upm the flow due t o   t h e  body at 
the t a i l  without mutual interferance than ie the case for the inter- 
mediate ta i l .  Zn an effort t o  -ah same quantitative "tian 
from schlieren photographs on the validity of th ie  deducticn, plan- 
vlev schlieren  photograw were made of the $ = 0.35 BT and Bwlc om- 

figuratims ~Lth the t a i l  set at var ious incidence anglee. The quanti.t;g 
selected f o r  m e a s u r e m e n t  waa the  dietance between the vertical-tail 
ehocks at the horizontal-tail trailing edge. First ,  it was observed 
that the dlstance beOween the legs of the inboard ahock (origlnatFng at  
the leading edge of the vertical  t a i l  above t h e  horizontal ta i l )  m i e d  
only elightly  wlth angle of attack and t o  a somew3m-b greater extent vim 
tail incidence angle. Little change in theee  diatances was noted when 
the King was added. For the outboard ahock (originatfag ahead of the 
verbical tail Beneath the  horizontal t a i l ) ,  the measurmente showed a 
large, but emooth (newly linear) inorease in  the distance as either the 
incidence angle or the w e  of attack W&B Increased. ZIhe effect of 
adding the wing was t o  increase the distance betmen the shock legs for 
nepative angles of attack and t o  approach no clzaipge in the dfetance at  
some positive angle of attack. Thua these Variatiom in the 
locattan of the limit of the dieturbince t o  the flow beneath the tal1 
a5 indicative of variatime in the flow itself in this region, the 
schlieren  observatians  clearly ehowed an appmciable  effect an the local 
flow at the t a i l  due t o  adding the wing. 

I 
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Collected P i t ch ln@f" t  Results 

The variation in p i t ~ . ~ n t ~ u r v e  elope with tail height f o r  ' 

the BT and comf'igurations is given in figure 22. Average values 
of the mament-curve slopes throughout the range from table I are 
shown, although them. appears t o  be a sieplificant effect of ft for 
the = 0.35 tail. The si-icant pit-nt trende with t a i l  
height and wing positian are not changed, hmver ,  by u s i n g  averages; 
-0, it seems logical in observing general trends t o  amit omidera- 
t ion of t h e  - = 0.35 tail  a8 a n  unusual or peculim ca8e. Ib order 
to isolate  the  effect of t he  wing on the tai l  ccmtributian t o  the mment, 
the effect of the wfng an the body is taken out of the moment c m e s  f o r  
the BWT configuratian and ahom as  the dashed .curves in figure 22. The 
effect m t he  tai l  due t o  ad- the wing is thus the differance betwem 
the dashed curves and the Bl! cu178ea. Ib order t o  show the shiftts in 
t a i l  center of preseure as t h e  wing is added and as the wfng and tail 
positions are  changed, the incremental momenhurve  slopes due t o  the 
meaeured jncreruentd t a f l  lifts have been calculated (as- the tail 
center of pressure-at the . ~ e o r r e t i c a  flat-g"te  locatian) and ccmpared 
in figure 23 with the measured m " - o u r v e  slopes. Ih order to regard 
the  relative  differances between the  calculated and meaeured m t -  
curve slopes in figure 23 as due t o  ta i l  center-of-Ipressure  ehift, t he  
contribution of the tail-drag increment t o  m a t  be shown t o  be 
emLU. The carhibution of the tail drag chan@e with angle of attack 
is in the  stabilizing  direction in every cam, and calculations showed 
the contribution t o  be almost linear in the test  angle-of-attack w e .  
The bracketing  values of this ocmtributian for the lowest tai l  and 
l w g e s t   t a i l  volume and higheat tai l  and smallest t a i l  volume were 
found t o  be % = -0.0002 and 4.0004, respective-. These vdues 
were calculated for the average Q value and m e  cmidered  t o  be 
Emall.. 

C 

C 

Ib discussing  the  effects of the vcrious f ac to r s  on (&,,,, it is 
realized that BEHIIB of the changes in % would be of mnR71 omsequence 

from a practical VieWpoFnt. The discuseion is thua primaxlly made f o r  
the sake of other cases where the same factors mag be of d i f f e r a t  
m i t u d e s  and ccanbine t o  produoe much larger.changee in s ta t ic  la&- 
tudFnal stabil i ty.  Such a case mi&t be p r d d e d  by the presmt con- 
f iguratfons a t  a lower Mach nuniber . 

For the BT canfiguration in figure 22, disregmdhg the ; = 0.35 h 

t a i l ,  the effect of raising the tail is to m e  the m0nmh-e elopes 



in a destabilizing  Wecticm. C q a r i n g  t h e  differences between the 
meamed asd calculated mcaa4Pt-cnrPe.slopes ~ figure 23 indicates that 
th is  trend is due t a  a forward movement in canter of pressne as the 
t a i l  is raised t o  the hi*& position,  since from table II, the llft 
increments of the two t a i h  are  about equal. Incidentally,  the  center 
of presme of the lowest ta i l  appears about at i& assumed locatian. 

From figure 22, the eff'ect of adding the wing t o  each of the 
BT configurati*ons is to reduce or not change the stat ic   s tabi l i ty  margfn 
in every case, which trend i s  in the.direction of that t o  be expected 
from consideration of only the downwash due t o  the wing. For the lmst 
and highest tails, th4 effect m Om, due t o  add-lng the wing decreases 
as the t a i l  asm decreases, as mula be expected from the trend of as/&. 
For the  ehortest-tail-mm case, the  effect of the w i n g  on the t a i l  con- 
t r ibu t im t o  % appears about zero for both t a i l s ;   h m e r ,   t h e  
reason for th i s  result can  be shown t o  be different f o r  the two cams. 
First ,  fiam figure 23 for $ = 2.14, comparison of the relative  difference c 

between the  calculated asd measured % values f o r  these two tailer 
indicates no canter-ae~msme m t  as the tau ie moved from $ = o 
t o  h = 0.70 ( f o r  these two cases, it appeass that the tail canter of 

preseure is coincidentaU.y a t  the assumed locattan). m u e ,  from the 
previous diecwsian of dmmsh asld -e effects on tail effective- 
ness, it is indicated that for the Lower tail, the Increase in ta i l  
effectiveness due t o  adding the nLng offsets t h e  destabilizing  effect 
of the  positive d€/da value, whereas for the higher tail, de/& is 
nearly zero and the tail effectiveness is unchanged by additim of the 

.I 

C 

. wing. 
For the BWT configurations, figure 23._ahme that for the = 3.34 

case, aclditim of the wing produces s shift; in tail c a t e r  of pressure 
about t h e  same for both the lawest and higheert tails; thue t h e  trend of 
no si&f€cant change with tail height (again disregarding the inter- 
mediate tail) azises fram corupsusatlng effects of the wing; downwash and 
wing effects an t a i l  effectiveness. For the c = 2.74 caee, it appears 

2 

2 

from figure 23 that addition of the wing has produced a forward shift 
in center of preesura of the lmst tail  relative t o  the highest tafl. 
It a lso  appems, for t h i s  %ail  arm, that addition of the wfng t o  the low 
t a i l  canfiguratim produces a greater shift in tail center of presme 
than a d d i t l a  of the wing t o  .ths high t a i Z  canfiguratim. The trend of 
increasing s ta t ic  margin as  the t a i l  is raised f o r  the c = 2.74 case is 2 
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thus  indicated t o  be due primarily t o  a reafward movamant fn the tail 
v center of preske. .  For t he  - I .= 2.14 case. no shift in tail cmter  

C 

of pressure w i t h  tail hei&b is  invol-vd; thus as compared with 

the $ = 3.34 caae where also no corresponding tail  c e n t e z - o f ~ e s s u r e  

shif t  was involved,*the change In trend with increasing ta i l  height t o  
decreasing s t a t i c  margin misea from the  fact that while the wing d- 
w m h  decrea~ee 88 the  wing ~ O V B E  rearward, the increased ta i l   effect ive-  
ness due t o  the wing ramaha ynchanged. 

An i n v e E t i g a t i O l l  at Madh nuniber 1.92 in the + a h  E U p P  
sonic  tunnel of a miable  bcdy+fng-txil configuration has been made 
in order t o  dete-e and t o  isolate the basic aer-c effects on 
each other of the c q a n m t s  of the  canfiguration. The body had a 
fineness ra t io  of 12.5 with a cylindrical midsectian EO that the aspect+ 
ratid rectangulaf. wing could be located at three longltudjnal positians 
along the body. The after portian of the body canverged t o  t h e  sting 
diameter. The variable-incidence-angle rectangular ta l l  was of the 
6- aspect r a t i o  as the wing, but -fourth the wing me&, and could 
be located a t  three vertical  poeitiane  relative t o  the plane of the wing. 
%!he results Of the i n V 0 E t i g a t i O l l  within t he  -8 of the linear v&&,ias  
of l i f t  and m0anen-b with angle of attack Indfcated the following canclus.ians : 

3. The increased lift fncremant of the wing when added t o  the body 
was about the same as calculated from simple body upwash cmsideratims, 
but t h e  lift carry-er of the wing is located aft the wine; trailing 
edge on the body aa predicted by calculatiane based cn Ferrari's body- 
wing interference work. 

4. When the wfng waa added t o  the body, a k g e  Fncraznental drag 
abwe t h e  drag of the wFn@; a l a e  occurred.. This drag incremmt was 
believed to be associated with a change in the b o w - b y e r  flow over 
the body rearward of the wing from lamfnaz t o  turbulent,  since  the dkag 
Fncremsnt decreased a8 the wfng was mwed back along the body. 

. 
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5. The effect of adding the u i q  on the drag lncremsnt due t o  the 
tail was mall, except for the CWO higher tai l  positiane at the highest 
t e s t  incidance angles. 

the lmr tail posit im and not t o  change the value for the two higher 

t a i l  p o e i t i m .  The correepcmding  chasgee In mcment effectiveness, - 
indicated a forward shift in the ta i l  center of pressure due to add- 
the wing for a l l  tail positions. 

d i t '  

I 

t 

7. The average effectlye values of ~ i n g  dmwa.ah, ae/d.cc, at  t he  
t a i l  obtalned from the cqanent   force  tests were greater than the 
average v-alues across the tai l  calculated Prom linear t h e m .  Theere 
differences are attributed t o  the w e  effects an tail effectivenese, 
the effects of mutual interference betwean the f low due t o  the  wing and 
that due t o  t h e  body, and the  effects an the  integrated f m e  an the 
t a i l  of the nmuniform flow across the t a f l .  

I 

8. Varioue factors influencing the etat ic  lmgitudb" stabi l i ty  
of each complete configuration ware isolated and ehown to   cdbine  in 
different f a a h S a m  for the various canfigmatiam so as t o  produce C& 

variat ims with t a i l  height and wing posl t im which were eiguificantly 
different frm those t o  be expected f r a m  cansiderations of cmly the 
wing hownwaeh. 

9. For the intermsdiate  vertical  locatiaa of the tail, a med or 
locally choked flow m a  found t o  exist in the region bounded by the 
lower surface of the horizantal tail,  the side of the vertical t a f l ,  
and the upper portion of the body surface. Thile m t r i c a l  flow m 
BhOWXI t o  be influenced t o  a greater  extent by addition of the w i n g  
than wag the flow at the highest and loweek ta i l  locatians. 

langley AeranaUtical Laboratory 
Natiaaal Adviearg Camittee far Aeronautics 

Langley Air Force B e e ,  Va. 
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A discussicm is given In the following pwaphe of the m i o u e  
factors  contributing to the final total uncertainty of ea& of the   tes t  
quantities listed in table I. 

Strain-e  meaau~nm~ylte.- In the  strain-gage  measurar~~nts, two 
factors have af'fected the accuracy of the final values, namely, randm 
shifts in the zero  readinge durag each tee t  run and uncertainties in 
calibratiane..  Variation8 in the zero shifts were the largest factor 
cmtributing to the  uncertainties of both lift and "t and canstitute 
the s e a t e r  part of the  values of uncertainty &own in the table 
for % = 0. These zero shifts were randan and were not due t o  tempera- 
ture  effects  since the gages were accurately  teqerature  cqansated. 
It is seen in t h e  table that aa the  center of lift moves rearwmd, 

series,  the  uncertainty of C, decreases. 'Bis change in the precisim 
f o r  a given deviatian from the mean of the zero read-s arises -' 

the conversion of the moment value from the polnt  of measur-t t o  .the 
given reference point. AB the t r m f e r  distance or the -tude of 
the lift increases, the cmtributian of the lift er ror  t o  the final 

4 ( 2/c decrea~ee 1 evm for the  cam of zero lift in the first t e a t  

,moment value is increased. 

The strain-gage beams used in the first test serfes were bench- 
calibrated  before  the  tests and calibrated in the tunnel with the model 
in place a nuniber of t w s  durlng the teste.  Rrom a t o t a l  of n ine  such 
calibratiom,  the masfmum probable deviation of any calibratian about a 
mean was found to be k0.6 percent for the l i f t  gages and *0.4 percent 
for  the moment gage. Estimates of m r a  enter- i n t o  the cc-nnputatian 
of lift and mnmFmS: coefficients  other than the  calibratim  errors showed 
their  effects t o  be '& ae canpared with the  calibratian errors.  Thus 
the  increase in uncertainty with increase in  lift coefficient shown in 
the table is p r i m a r i l y  due to the calibratim errors. 

For the second teet  series,  the random shifts In zero readinge 
were much 8maller, and no. ei@pificant w e 6  in calibratian of the two 
gages were obsemed, thus no estimate of the  unoertainties is shown f o r  
the approximate and of the lInear . m e  .of the liFt and mamant curves. 
The reversal of the  trend fn the m i a t i o n  of the uncertainty for C, 
as t h e   t a i l  arm i s  changed is due t o  the  fact that the momant is indicated - 
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an two gages instead of one as for the first test series. The precisian 
of the mmat re- is thw a functian of the location and -itude 
of the normal, force  relative to both gaps. 

Pressure msaBuTaments.- All pressure meaauremsnts were taken ' 

directly frat a vertical  mrcurg-filled manameter w3mre a reading accu- =Cy Of fo. 01 inch of mercury was obtained. The effect of this 
possible Teading error on dynamic-ypressire v d ~ e s  negligible. Ih 
computing the final drag results using; the external balance readings, 
a measuramsnt of the pressure in the box ancloslng the support spindle 
and balance Byetam W&B necess-. The differace between thie box 
pressure and stream pressure constitutes a preeEnrre force act- on the 
Bpindle cross-mctianal area. This preeeure force could be evaluated 
within a0 percent, and since t h e  correctim wa.6 never greater than 
5 percent of the tot&!. drag, the uncertalPtg Fn CD f m  this 
source is about ' f 0.0001. 

Stream cadi t ime.-  Detailed stream surveys throu&out the tunnel t e &  
section have indicated  the  variatian in Mach lurniber t o  be no more 
than e0.01 about the mean value of 1.92, and the streanwtatic-pressure 
vmia t im  no m e  than + percant about the mean. ~ e e s  detailed 

angle mea8urements indicate negligible flow deviatrims. It ah& be 
mentioned in this regard that the model w a ~  mounted in t h e  test eectim 
so that the wfng leading and trailing edges were parallel t o  the tunnel ' 

s ide  walls.  T%us with changes in  angle of attack, the model should 
encounter W e r  changes in the stream angle and stream prelsaure 
gradients than if mounted with t h e  uing leading and trailin@; edges 
parallel t o  the two-&bmslonal nozzle surfaces. Ln any case, the effects 
on the data of those m a d l  miaticme in stream candit1o.m &re not known, 
but it is Beliwed that they tu-e very maU. 

Angl-f-ettack and tail-incidence-angle msaeuremant8.- Angles of 
attack of the model indicated by a li&t beam reflected frm a nmR77 
m i r r o r  ~ the model could be visuaUy read to an accuracy of m.010. 
Likewtse, the model could be reset  relative t o  the side walls and the air  
stream upon each  inat"tion within *O.OlO. T a i l - i n c i d a n c m e  
msaeure?nents w-ere made ky taking the Eqvarages of eb large nunber of angle 
measurements made at several spanwise stations at each ta i l  settin@;. The 
most probable deviatian from a mean for these measurements for each tail 
Betting WB.8 K).03O. 

Mechanical-scale m e a m r e m e n t B . -  Although the lift, moment, and drag 
forces  indicated by the mschanlcal ecales were recarded f o r  a l l  the  teats, 
the only scale l i f t  and moment results finally cansfdered were those 
obtained for the win-ane teete,  using a dlfferemt stin@; and xlndshield 



&rrangemmt. In reg& to the drag data ~ i c h  were taken directly fram 
the scale meamements for  a l l  confiwatians,  auxilim tes te  showed 
only negligible effects on t h e  drag of the flow over the epFndle and in 
the winbhie ld  d o t  region. The total uncertainty in the d m ~ o e f f i c i e n t  
values is thus made up of the uncertain* in scale readings and the uncer- 
tainty Fn the buoyancy4orce correction ahem discussed. 

. 
r 
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There appear several possible proceduree f o r  reducing force data 
from tests  of ccntplete variable-itail-incidence configuratians and their 
compaents to effective, average downwash anglee at. the tail, each pr- 
cedure invdlving different aEIBumptians or, collversely, each procedure 
yielding  different  effective do-wnwa& angles. A l l  the procedures involve 
either l 3 f - k  o r  moment me-tB and coaeequently yield dowmaeh angles 
which B;PB integmted o r  average  value^ a c r o s ~  the t a i l .  Thw, strictly 
spealring;, the results for men the beet procedures include in the d m -  
w a s h w e  values the  effects QP the forces on the tail of changes in 
stream pressure asd Mach number due t o  the wing and the effect an the 
forces of the narmniform flow field ahead of tke tail. 

Tple uBu&I technique which ha8 been employed extensively in the past 
in subsanic w3nd-bmnel t es t s  involves the  meaeuramsnte of the variation 
of moment coefficient with angle of attack f o r  the comf'iguration without 
the tail (IIW), and the meaauranmt of the 6m.e variation f o r  t h e  c@ete 
configurat~m w i t h  t h e  ta i l  (BWT), with the t u  set at sever& values 
of incidence angle. 1% i e  than as8umed that when the mcm8n-b~ of the 
BW and ERJT ccmfiguratians are e@, the t a u  doe8 not contribute t o  th.e 
maanent and the average flow angZe across the t a i l  plane is zero. !Em 
average  flow angle at the tail. is then  obtained as the  algebraic sum of 
the angle of attack and the angle of incfdance at the w e  of attack 
for equal mments. 

 he prwc ipd  aesumptfans involved ~n US procedure are: (I) 0dt.y 
a change in average flow angle affects a  change in moment, hence crzllg a 
change in t a i l  lift cmtri~mtee to the Mrmant; (2) the influence of the 
t a i l  tm the body moment is small. The f i r e t  of these  restrictians may 
be of CaaEIequence in cases where the tail drag  contributes to the mcrmsnt, 
such ae for a configuraticm in m c h  the tail locat im is displacpd ve- 
t ical ly  from the mcmen-b reference. Aleo, changes in the stream c"ticma 
at  the t a i l  due to the xlng can c-e the  lift-curve slope of the tail. 
The secand restricticm is probably of mall. cansequence f o r  the usual 
.caufi@ratian in which the t a i l  is at the rear of the body. 3911s pro- 
cedure, in which tes ts  of anly the BW a n d ' B W T  cmfiguratims- ere made, 
yields only the absolute merage flow angle a t  t h e  t a i l  due t o  the 
induced flow field about the body and wing, not the average downwaah due 
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t o  the wbg. Ln d e r  t o  obtain the effect of adding the wing, the mme 
procedure must be followed for the  configuratime withont the a, that 
ie ,  t es t s  of the B and BT configuratians with various incidence -0s 
must 'be made. Theee l a t t e r  tests give the average flow a t   the  ta l l  due 
t o  the induced flap f ie ld  about the body. A t  each correspding  an@ 
of attack,  the  difference between the average downwash values obtained 
in the presence of the body and wing and those  obtained in t h e  pres-ce 

s t i l l  not  the  true downwmh due t o  the wln@s within the l l m i t a t i a e  
mentianed in the first paragraph, since  the flm due t o  the wfng and 
body axe Buperlmpoeed upan each other and the effects of their  mtual 
interference are included in the results. 

Of t h e  bow 16 t h ~ 8  the  effect of adding the m. This final T d U e  is 

Lift Instead of moment result8 could be wed in the foregoing pr- 
cedure. The moment increments due t o  the tail, however, are us- 
much lasger than +e Uft incr-t, 80 that m e  of moment values leads 
t o  m r e  accurate  re~nzlts.  since this procedure i e  a 'hull" me, the 
shifts in cmter  of p r e ~ m e  of the tai l  are not involved in the average 
damwash value6 and there appear5 l i t t l e  choice between lift and moment 
~alues except that of accuracy miLesa the t a i l  drag contribution t o  the 
mOmmt i e  appreciable, in which cam me of the l i f t  results would 
eliminate  the errora arising  therefran. 

The procedure ueed t o  obtain dmwaeh value6 in the presmt report 
i s  essentially  the same as that just described with additional  restric- 
t i ons  as t o  llnearitg of the lfft or  nmment variatians. =EO, the 
resul ts   mre computed  from' t e s t  T ~ U ~ S  rather than by "cross i~g   cmes ."  
Ln the present procedure the use of lift instead of nmxsnt values is  
necessary in order t o  avoid the inclueion in the average downua5h angles 
of  the effecte of tai l  CentM-preeeure  ehift  due t o  adding the wing. 

For the complete cmfiguratian of BWT where the v-ariation of tail 
l i f t  with incidence angle ia  linear and not a function of a, the lift 
is summed as 



For the BT configuratim, the llft is mmmd similarly and 

The. difference betwean these values is the effect of adding t h e  w i n g  

If the variatians of lift wlth angle of attack of the B, BT, EW, 
and BWT configurations are also l inear and t h e  BT and BWT configuration 
slopes are not  functions of the tail incidence angle, then equatiane (I), 
(21, and ( 3 )  may be mitten as 

A procedure wM.ch is ma more restricted thas that outlined above, 
but which is samstimes used, excludes the wtng-whke effects oz1 the 
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where 

da 

33 

Comparison of the above equation  with equation (7) share that for 
as. 

equality, both the factors 1 - -E and qt must equal me.  Thus 
da 

. 
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Figure 2.- Model dinenslone. 
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Figure 3.- Variation of lift coefficient with angle of  attack for 3WT, 
El?, and B. 
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Figure 3 .  - Continued. 
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Figure 3 . -  Continued. 
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Figure 3.  - Continued. 
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Figure 3 . -  Continued. 
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( 3 )  BT; - C = 0. 
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Figure 4.- Variation of lift  coefficient with angle of attack for Bw, 
W, and B. 
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(b) BW with wing at = 2.74 location. 2 

Figure 4.- Continued. . .  . 
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(c> Bw with w i n g  at c = 2.14 location. 

Figure  4. - Concluded. 
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Figure 5.- Variation of angle of zero lift with tail incidence angle f o r  ET. 



1 
1 

(b) ; h = 0-35. 

.5 

0 

0.5 

- LO 
-I 0 1 2 3 4 5 6 7 

it 
(c) - h = 0.70. 

C 

Figure 6 . -  Variation of w e  of zero lift with t a i l  incidence angle for BKT. 
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Figure 7.- Variation of pitching-mment coefficient with angle of attack 
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(b) BWT; - = 0; - 2.74. h 2 
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Figure 7. - Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7." Continued. 
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( g )  BWT; - h = 0.70; - 2 = 3.34. 
C C 

Figure 7 .  - Continued. 
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(h) BWT; - h = 0.70; - 2 = 2.74. 
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Figwe 7.- Continued. 
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Figure 7. - Continued. 
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Figure 7. - Concluded. 
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Figure 8.- Variation of pitching-moment  coefficient with angle of attack 
for BW, W, and B. 
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Figure 8. - Concluded. 
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Figure 10.- Variation o f  pitching-moment  coefficient a t  zero angle of attack with t a i l  incidence angle 
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Figure 13.- Variation of drag coefficient with angle of attack for B", .. "" 
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Figure 13.- Concluded. 
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Figure 15.- Variation of wing-wak parameter with t a i l  height. 
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Figure 16.- Theoretical downwaah angle distribution behind wing for c = 0, h 
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(b) Conputed using experimental pitching-moment-curve slopes in equation ( 6 ) .  

Figure 18. - Continued. 
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(d) Computed using experimental mament-curve slopes i n  e w t i o n  (7).  

Figure 18. - Concluded. 
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(b) ; = 0.35, 4 = 4.18', u I 0'. h 

(c) - = 0.70, \ = 2.36', a I Oo. h 
C - 

L-63575 . 
2 Figure 19 - Schlieren photogaphe of BWT, c = 3.34. M = 1.92; knife cage 

horizontal. - 
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2 5-63  576 Figure 20. - Schlieren photographs of Bm, c = 2.74. M = 1.92; knife edge 

horizontal. 
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(b) = 0.35, 4 = 4.18O, a % 0’. 
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(c) h = 0.70,\ = 2.38’, u 2 0’. 
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2 L-63577 Figure 21. - ScUeren  photographs of BWT, - = 2.14. M = 1.92; knife edge 
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horizontal. 
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(a) - = -3.34. 2 
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(b) - = 2.74. b 
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(c) - = 2.14. ’ 
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Figure 22.- Variation of pitching-noment-curve- slope with tail height for 
BWT and BT. (BW, W, and B values are a l so  shown. ) 
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Figure 2 3 . -  Variation of pitcbhg-moment-curve slope computed .from incre- 
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